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1. INTRODUCTION 

The signaling system on the railway network demands security guarantees for monitoring the 
position of trains on the rails. The use of axle counters is essential in determining the state of occupation and 
clearance of the number of axles entering and leaving a track [1]-[6]. The advantages of using axle counters 
are cost-effective due to neglecting for insulated rail connections and requires only a few cables [7], [8]. 

The potential problem emerges with the use of axle counters is an error reading causing inaccuracy 
of the calculation of both occupation and clearance. This may occur when there is a power failure or 
electromagnetic wave interference. Several studies have shown the potential for magnetic field strength 
disturbed the performance of the axle counters detector [9]-[15]. This phenomenon is appeared when the 
electric current flowing through the train track and propagate on the rails which produce a magnetic field in 
the axle counters [16]-[18]. If the magnetic field value is too high, it can damage the axle counter detectors, 
therefore causing the counting errors [10], [11], [19]. Measurements and validation of electromagnetic 
compatibility (EMC) related to axle counters have also been carried out in the Italian and Swedish railway 
network to analyze the magnetic field strength and the major source of faults in the track section [7], [12], 
[13], [20]. 

Although the design of the measuring instrument (magnetic coil sensor as antenna) has been 
described in the standard, the detail specification remains open and has to be explored. Moreover, the price of 
the tool in the market is utterly high. Therefore, several developments and adjustments for antenna are 
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required in order to obtain precise measurement results, low-cost, and fulfill the requirements of applicable 
standards. The design exploration and verification has been done in this paper [21]. Currently, Indonesia is 
promoting a light rapid transit (LRT) and the signaling system is a critical one as the LRT has to be properly 
operated [22]. Therefore, it is necessarily researching the electromagnetic disturbances in the LRT railway to 
ensure that the axle counter on the LRT showing the appropriate results. 

The structure of this paper consists of a brief description of the standards in measuring the magnetic 
field strength from the axle counters in the LRT and the technique for evaluating the magnitude of the 
magnetic field. Then, the magnetic coil sensor was developed and verified. Measurement was done at the 
railway track and the data processing of the magnetic field result are shown in low and high frequencies 
range. Finally, the discussion and the conclusion are stated at the last section. 


2. RESEARCH METHOD 
2.1. Measurement of magnetic field strength 

British standard (BS) EN 50592:2006 is the standard described the compatibility of axle counters 
against electromagnetic interference [23]. This standard is applied to ensure compatibility between LRT and 
axle counter systems. Moreover, it also contains measurement and evaluation techniques of the magnetic 
field emissions. The compliance is specified by the limit of magnetic field strength level which would 
potentially interfere the axle counter detectors system. 

Based on study [23], a flowchart for measuring magnetic field strength in LRT railway is shown in 
Figure 1. The first step, the magnetic coil sensors (antenna) were created and verified both for lower 
frequencies (10 to 100 kHz) and higher frequencies (100 kHz to 1.3 MHz). The optimum characteristics of 
the coil has been validated by simulation and measurement [21]. The dimensions and the shape of the 
antennas refer to the standard BS EN 50592:2016 and is shown in Figure 2. The x-y-z direction represents 
the plane penetrated by the magnetic field due to the movement of the LRT on the train tracks. Meanwhile, 
the developed antennas are shown in Figures 3(a) and 3(b). 
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Figure 1. Flowchart to determine the magnetic field strength in LRT railway 
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Furthermore, the measurement setup and the mounting position of the antennas around the rails is 
shown in Figure 4. The measurement was taken in two different train running mode, acceleration mode and 
deceleration mode. As can be seen here, the sensors were placed at certain distance both from the track and 
the ground. There is also supporting plate made by acrylic to omit the unwanted interference effect which 
potentially disturbing the measurement system. During measurement, the accelerate and decelerate mode 
measurement were done sequentially based on the frequency band. The magnetic sensors are connected to 
2-channels PicoScope with A/D converter then connected to the laptop. When the low frequency setting is 
ready, the train will pass through the track and the sensors will detect and capture the magnetic radiated 
emission from the track caused by the train in accelerate mode or decelerate mode. The emission was 
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recorded in time domain and in 3-axis direction, x, y and z direction using sampling rate of 25 MS/s for 
higher and 12.5 MS/s for lower frequency range. Finally, the data processing was evaluated by utilizing both 
Excel and MATLAB by fast Fourier transformation (FFT) with Hanning window algorithm [7], [24], [25]. 


5cm 


(b) 


Figure 3. Magnetic coil sensors for measuring magnetic field strength in (a) the lower frequency and 
(b) the higher frequency 
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Figure 4. The mounting position of the antenna around the railway 


2.2. Data evaluation technique 

The ERA/ERTMS/033281 standard requires a limit of the magnetic field density of dBuA/m units in 
the frequency domain [26]. However, the PicoScope produced raw data of milli-volts in the time domain due 
to the presence of a magnetic field that penetrates the x-y-z plane. Therefore, conversion is necessary to 
obtain dBuA/m in frequency domain. 

A sketch of the antenna plane detected a magnetic field (H) is given in Figure 5 [27]. In addition, the 
equivalent circuit between the antenna and the measuring instrument (PicoScope) is shown in Figure 6. The 
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open voltage generated by the antenna (Voc) arises due to the magnetic field that changes in time. Thus, 
assuming the measured magnetic field is only on perpendicular to the plane of the coil (0 = 90°), the Voc 
equation can be written as in (1) [27]. 


Voc = 2nfabugHN (1) 


fis the frequency (Hz), a and b are the length of the antenna’s side in the x, y, or z direction in meters, uo is 
the permeability of the magnetic field in free space (47.107 H/m), H is the density the magnetic field that 
penetrates the coil (A/m) and N is the number of turns. Furthermore, the voltage equation in the PicoScope 
(Vp) shown in (2) is the comparison between the voltage against the impedance of antenna and PicoScope 
(Za and Zp). 


Zp 
Voc 
ZptZA 


Vp = (2) 


The antenna factor values (AF) for each antenna, (A.V"!.m') is required to obtain the magnetic field density. 
The antenna factor equation is shown in (3) and the final equation to determine the value of the magnetic 
field density is shown in (4), and Vg is the voltage value reading by the PicoScope every time. 


H ZptZA 
AF c Vp — 2nfabugHNZp (3) 
dBuA/m = 2010g19(Vp * AF) (4) 


Figure 5. The cross-section of antenna in Figure 6. The equivalent circuit between antenna and 
Z-direction PicoScope 


3. RESULTS AND DISCUSSION 

After going through the evaluation stage of data processing, including the time domain to the 
frequency domain conversion using FFT with Hanning algorithm, the displayed magnetic field value is 
divided into two range frequencies, namely lower frequencies and higher frequencies. In each range, there are 
two modes of LRT movement, the accelerate and the decelerate mode. The magnetic field limits for each 
direction refer to the ERA/ERTMS/033281 standard [26]. 

In Figures 7(a) to (c) and Figures 8(a) to (c), at the lower frequency range, 10 to 100 kHz and in the 
accelerate mode, the magnetic field levels are below the limit value for all direction, ranging from 70 to 
100 dBuA/m. However, in the decelerate mode, the levels are very close to the limit value, especially at the 
30 to 50 kHz for the y and z directions. This field strength may interfere the axle counters system and may 
potentially affect the counting results. 

Similar results are also shown in Figures 9(a) to (c) and Figures 10(a) to (c). In the higher frequency 
range, the field strengths are below the required limit for the x, y, and z directions respectively ranging from 
30 to 90 dBuA/m. However, the value of the magnetic field in the x direction is lower than in the other 
directions when compared to the results at lower frequencies. Thus, the value of the magnetic field generated 
on the LRT railway is in acceptable range, although there may potentially interference at low frequencies. 
However, further studies still need to be carried out particularly on the impact of high magnetic field 
emissions which would causing error readings on axle counters to ensure the accuracy of readings. 
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Figure 7. Magnetic field level at lower frequencies for (a) x-direction, (b) y-direction, and (c) z-direction in 
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Figure 8. Magnetic field level at lower frequencies for (a) x-direction, (b) y-direction, and (c) z-direction in 
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Figure 9. Magnetic field level at higher frequencies for (a) x-direction, (b) y-direction, and (c) z-direction in 
acceleration mode 
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Figure 10. Magnetic field level at higher frequencies for (a) x-direction, (b) y-direction, and (c) z-direction in 
deceleration mode 
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4. CONCLUSION 

It has been done the measurement and analysis of the EMI for the axle counter of the LRT's track. 
The results show all the magnetic field level are below the limit value and meet the standard requirement. 
However, at lower frequency, the levels are very close to the standard limit which most probably could 
interfere the axle counters system. Further research on the effect of high magnetic field strength into the axle 
counter are needed. 
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